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COMPLETE SPECIFICATION 
FORMULATION OF HIGH ABIJ^F wir-u cLin.v.L. 
BARRIER BAGS FOR MEa't IaCKAG?n5''''' 

We. W R GRACE & CO-CONN, a corpora.ion or.ani.eU an., exiting „„.er ,he 
la- of ,he .,a,e of Conn.c.icu,. USA „f , ,,4 Avenue „f .he A,.erica^ New York, 
NV ,00.,6.7794. U„„ed S.a.es of America herehy declare ,he ,„ve„„„„ for wHieh 
we pray .ha, a pa.en. n,ay be gran.ed >o us. and .he „,e,hod b, which i, is ,o be 
perforn,ed, .o be par.icular.y described in and by .he follow,ng s.3,emen,:. 
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"^^^ -^^^.CLE5; Ma H P THFRFFPn^f 

FIELD Or THE TMWKr^T.^,.r 

This invenuon «U.es .o .ulU-Uy.r ther^pi.stic 
.:n, .n. .ecep...,.3 such as pouches .a.s and ■ 

made the-efrom m ^ "-s, oags, and casings 

— cLi-om. In particular- t-u^^ 

^cicular, this mvencion. relates to plastir 

-3 . . „^ ^^^^^^^^^^^ ^^^^ 

goo. cxexioixxty and extension proper-ies for • 
-packaging. Per.ies ror improved vacuum 

Shrinkable thermoplastic fil.3 have found man^ 

aPPl.cations in packaging of meats, cheeses, poult^- seafood . 
num^rouq ^^h^ r ^ i^^uxciry, seafood and 

--^s cth« food and non-food products. For paokaoina 
foodsttiffe ^ pacicagmg some 

"°1"u.ts, tor .nscance meat and some chases the . 
include a layer th,. ■ u. "e £Um should 

, . . " " ""-^^^^ '° ^he passage of gases 

P.rt.cu.arl. oxygen. Tor packaging othe. foodstuffs fo ■ 
9 poult.. and some other cheeses, and al.o «or pad ; 

"^ — 3. no such carrier la.er is re.i.: " " '^^""""^ 

f . " ^^"^^ improvement in these 

^ g..e th.m .etter a.se resistance, hetter tear resist- 

-larity. easier handling a.d better barrier r. 
!^ies. One fiiT, of .k- carrier proper- 

filn, of this type is a multi-iaver fi-, h..-- , 

Pc.-ethWene.saran. pol.ethWene „hich . disclosed . . . 
ent .0. 3,331.13. „hich issued on .une 1„. „ .Uia: 
^r. et al. The shrink and abuse res'stan^. . 
is improved bv irr.H- • ^^s.stance of such a film 

irradiating the film to crccs-iink 
layers cr^or h Polyethylene 
---r .0 heating and- orienting the film by the trapped 
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bubble technique. 

".S. Patent No. 3,7.r,.,253. which is.ued on June 26. 15,3 
to e.ax et ax, aiscloses a .uUi-p:, ^ 

^ - St iaver of cross-Un.ed athylene-vin,: acetate copol^er 
^--■v coined to a .iadle la.e. of a copoX..„e. of vin.Uden. 
chlo-..e Which is coined to anothe. ethyiene-vi„w acetate copo,y- 

laye. ethWene-vin.i acetate copoi^e. .hereinafter 

layer „a. improved properties over the previous!, used poiyethyl- 
:, ene a.-.a, in the extrusion coatin. method used to produce the 
mulci-iayer film according to the Brax er 

PT,, , . ^ patent, the substrate 

HVA Xayer .s preferaWy cross-iin.ed by ..radiation before the 
saran Uyer is extrusion coated thereon, thus avo.din, irradiation 

ne saran layer. Saran .vinyiidene chloride ho.o- or copoly- 
mer, tends to discolor under high energ,- i.^.di.- ■ -. 

An alternative and successful .ulti-layer fil. where a 
ya^olysed ethylene-vinyl acetate copolymer is used as a barrier 
layer instead of saran is disclosed in „.s. Patent .0. ..OS..... 
Which issued on December 29. 1977 x,^ , 

.eat shri„.able .ulti-layer film is for.,ed by coextrudin, the ^ 

— "-^-er .sometimes abbreviated 
HEVA or called ethylene-vinvi =1.. u , 

nyiene vinyl alcohol and abbreviated -EVAL- er 

■-0H-., Since ^-on does not suffer fron the effects of radiation 

coextruded product such as EVA/^oh/eva can readil, be cross- 
linked by irradiation before orientation. 

°^ -P-ving the perfor^nce Of packasins 
mms has been to blend various polymers. U.S. Patent No. 
3.090,7,0. which issued on May 21. i,n ^^^^.^^ ^ ^^^^^.^^ 
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discloses the blending of cross -linked polyethylene with 1^''''' 
cross-Un.ed polyethylene to i^„ve the cUrity of , fu.. such 
blends use differing proportions of hi,h, low .nd .ediu„ density 
polyethylene. This patent also discloses a cross-Un.ed poly- 
ethylene; and, U.S. Patent 3.118.865, which issued on January 28 
156. to the sa^e inventor, is directed to an ethylene conposition 

the process of cross-lin.ing by chemical .eans . The olefin 
polymers and copolymers have been Particularlyattractive because 
, Of low cost, availability, and wide range of satisfactory char- 
acteristics for packaging films. 

Recently, medium and low density linear polyethylenes 
have b.co.e co^ercially available and have begun to be used in a 
Hunger of packaging applications. One early patent in this field 
- ".S. Patent No. 4. 076.698. which issued on February 28. 1.73 to 
A-'thur William Anderson and discloses an interpoly^er composed of 
ethylene ahd mono-alpha-olef inic hydrocarbons containing five to 
ten caroon atoms per moleculA « • 

Proporcion of the mono-olef inic 

Hydrocarbon beino *^ -7 

be.ng 3 to 7 percent of the weight of the interpoly- 

-r. w.th a melt index from 0.3 to 20 and a density of c 93 to 

g/cc. Linear polymers of this type are characterized by 
actually being an interpolymer or copolymer with another olefin 
and hav.n, a relatively straight molecular chain, that is. having 
a Chain with no side branches or limited side branching, .ow 
density versions of this type of film, where density is in the 
range of 0.920 to 0.926. are produced by a low pressure process, 
as opposed to the high pressure process which produces a branched 
low de.nsity polyethylene. Linear low density polyethylene, some- ' 
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...nes abbreviated hereinafter as -LLDPE-, has found „.ny 
appucacions and u.es as exemplified by ..s. Patent No. 4 364 «8. 
wh.ch issued on Decentoer 21, 1982 to Jerome T. Horner and dis- 
closes an EVA/LLOPE/E^A, structure as does also U.S. Patent No 
4.399,180 whioh issued on August 16, 1983 to William F. Briggs 
et al. in u.s. Patent No. 4,457,960 a multi-layer structure is 
disclosed of EVA/3aran/EVA-LLPDE-blend. 

Still another polvmeric m/^hor-i^i k-.^ 

. lyvj.-yiuei maceriai has more recently 

, entered the ^r.et having different properties from the coool^e-s 
"h.ch comprise the .LOPE class of materials. These copolymers ar= 
Xno.. as very low density polyethylene (hereinafter abbreviated 
■VLDPE-). Whereas conventional polyethylenes and LLDP- have 
densities as low as 0.912. the VLOPE currently on the ..r.et hav. 
densities below 0.910, specifically down to about 0.860. Eurooe-n 
Published Patent Application No, 120.503 (Cnion Caroide, 
published October 3, 1984. discloses a method of making vxdp^ - 
•Plastics Technology, magazine for Septerrier 1984 at pace 1-3 a 
news item entitled -Introducing Very Low Density PE- briefly 
' described some of VLDPE properties and stated that ifs what the 
manuf ac tur^-r ■ 

... calls an entirely new class of polyethylene 
consisting of linear copolymers that can be produced at densities 
down to 0.89 or lower. What m..es them special is a unigue 
combination of properties in between t.hose of standard PE^s and 
Polyolefinic rubbers-, m the October 1984 issue of -Plastics 
Technology, at page 13 another article appeared entitled -New Kind 
Of Polyethylene Combines Plexibility, Toughness. Heat Resistance- 
This article lists a nc^er of the properties of VLDPE and com- 
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pares .he. e.h.len.-vi„,:,„„,, ,ev., , J";;"' 

^ for .MS „.ceri.l u £cr s^ee.. .ubes, boc.les, hoses, .utin, 
a-u„ Uners ana .U.. v.0P. .s ..so X.see. .s h...„, 
- a......e. X. is e.pec«a « .e use. as a Men.in, .esin in , 

hioh density polyethylene, polypropylene p/a 

ufc.yj.ene, EVA, and some ethylene- 

propylene rubbers fFPRi ^^fu ii 

(EPR), with all of which VLDPE is con?,acible 

According Co che article the fi^=f ^ 

icie, Che first two commercially available 

trades are fro. anion Carbide. One resin, designated -orOA-lUS 
NT7-. has a narrow molecular weight distribution, higher tough- 
""3, Clarity, and gloss and roA clearance for food contact. TKe" 
ocher resin is oroA-1138 which is ai.ed particularly at film, has 
a broad molecular weight distribution, and is superior in orocess- 
aoiUty. on page 15 in the sa„e article, it 'is stated thai -the 
new resins have been infection molded, extruded, blow molded, and 

thermoformed on standard equipment- ^^ ,<= 

quipment . it is notea that blown film 

can be extruded on systems designed either Fo. 

xgnea either for conventional LDPE 

or .LDPE. However, the company generally recon^ends LLOPE-type 

des.gns in higher tor,^e capability, especially with narrow- 
grades. .he article observes that the enlarged die gaps 
required by ..oPE are not required for VLCPE and that conventional 
-own film die gaps of 30..0 mil have proven satisf actor-y at blow" 
ratios of 3-3,1. .or blown film, oro.A113, and 1133 are said to 

article similar to the one in -Plastics Technology- appeared in 
.he October 1984 issue of -Plastics World- at page 36. 

in the above mentioned European Patent Application a 
process for preparing ver^ low density ethylene polymers in a 
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.nui.i.ed fed is described. These ech.iene poiy^e.s a.e classi- 

index which is preferably from 0.2 to 4.0. 

The incorporation into heat shrin.abie £il.s of conven- 

-onai ethyiene/alpha-olefins produced by zie,ler-«atta catalyst 
3yste.,s is well .„ow„. zie,:er-«atta catalystic methods are com- 
-nly used throughout the polymer industry and have a Ion. histor. 
tracing back to about 1957. 

These systems are often referred to as heterogeneous 
s-=e they are composed of many types of catalytic species each at 
^xfferent metal oxidation states and different coordination 
environments with ligands. Examples of 2ie-e'-Nat-a h . 
ous syste.ms include metal halides activated by an organometallic 

tri ltl r " " " 

4^ 02,5. and .,302,s«. Because these systems contain more than 
one catalytic species, they possess pol-ymerization sUes with 

axfferent activities and varying abilit..- ^ • 

^ ^ abilitie:, to incorporate comono- 

..mer mto a polymer chain. 

The result of such multi-site cre-nistrv ^ s . r. ^ 

™istry is a product 

with poor control of the polymer chain . ■ ■ 

^ ^^"^ <=hain arcn-tecture both within 
Che sa^ence of a single chain, as well as when co.mpared to a 
neighbouring chain. . x„ addition, differences in catalyst effi- 
-ncy produce high molecular weight polymer at some sites and low 
molecular weight at others. Therefor, , 

==POlymers produced using 
Chese systems lead to polymer products which are mixtures o- 
Chains some high in comonomer and other with almost none. ^or 
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example. convenUon.l zie,le.-««.. ,,,,,.3,,, 

LIT"" """" ^^'^ — - -a- 

broad molecular weight distribution ,MWD> . 

Linear lew density polyethylene (lldpe, has enjoyed 
.reat success as a raw ^terial choice ecr pac.agin. ,ii.s. The 
, LLOPH is generally understood to descr.he copolymers o. 

ethylene and one or .ere other alpha olefin monomers which are 
polymerized at low nr^^cjd^^ 

-LOW pressure usxng a. ziegler-Natta catalyst to 

achieve a density range of about 0 915 ^o • 

„^ , -^^^ 0.940. Althouoh 

no clear standard exists rrnotr , • 

^ ejtisco, LLDPE polymers ^tr-a ^ft-^^ 

i^-^j-yiners are Often marketed in 

subgroups o^ densities such as linear media, density ,u^p., 
X^near low density polyethylene, linear .er-y low density ,v.0PK, 
or l.near ultra low density polyethylene ,u..p., . ,hese classi-' 
/^cat.ons are for „.rKeting use and win vary by suppli„ 

^i««ent from high pressure low 
ns.ty polyethylene a.PH, which is generally understood in the 

po n " : '"^ """" ^ melting 

PO nt. .or exa^ie, a O.S. density .ops would typically have a 

-Uxng point at about ll.cc „hile a corresponding density ..OP. 

-It.ng points are co™»nly observed with ..oPe and are a conse- 
.>^ence o. the above mentioned heterogeneous incorporation o. co- 
monomer. 

recently a new type of ethylene copolymer has been 
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.n.roduced which is .he .esuU of a new =...i^., technology 
^xanples of introductory journal articles include -Exxon Cites 
■BreaK-.hrough. in Olefins Polymerisation. - Modern Plastics, ^uly 
1«1, p.«,. .polyolefins Gain Higher Performance fro. New Catalyst 
Technologies, - Modern Plastics. Oct. 15,1, 

Watch, • Plastics World, Nov 1991 n 5q 

i^ov. 1991, p. 29; and ■ ,- Plastics Tech- 
nology, Nov. 1991, p. 15. 

These new resins are produced using .-netallocene catalyst 
systems, the uniqueness of which resides in the steric and elec- 
tronic equivalence of each catalyst position. Metallocene 
catalysts are characterized as having a si..gle. stable c.he.ical 
.ype rather than a volatUe mixture of states as discussed =or 
conventional Ziegler-Natta. This results in' a syste. composed of 
catalyst positions which have a singular activity and selectivity 
For this reason, metallocene catalyst systems are often referred ' 
to as -s.ngle site- owing to the homogeneous nature. of them, and 
polymers and copolymers produced from them are often referred to 
as single site resins by their suppliers. 

"^""^"^ speaking, metallocene catalysts are organo- 
^ metallic compounds containing one or more cyclopentadienyl ligands 
attached to metals such as hafni^. titani,^. vanadium, or zirco- 
n.u.. A co-catalyst. such as but not limited to. oligomeric 
n-ethyl alu.-,oxa„e is -often used to promote the catalytic activity 
By varying the metal component and the cylopentadienyl ligand a 
diversity of poller products ^y be tailored having molecular 
weights ranging from about 200 to greater t..an 1. 000.000 and 
_ -l.cular weight distributions from 1 . 5 to about 15. The choice 
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o£ =o-cataIyst influences the efficiency ,nd thu. che prod"'.''!: 
race, yield, and cose. 

E.cxon Chemical, in U.S. Patent 4,701,432 sets out ex^- 
Pies Of Which Olefin catalyst systems are of the ..etallocene clas 
and Which are non-metallocene . The cite bis (cyclopentadienyl, 
d.chloro-transition metal, bis (cyclopentadienyl , methyl, ch.=ro- 
.ransxtion mecal, and bis (cyclopentadienyl, dimethyl-transition 
metal as examples of metallocene catalysts, where the metals 
^ xnclude Choice., such as titanium, zirconiu... hatni™, and vana- 
di.om. The patent further provides examples of non-metallocene 
catalysts as being Tici„ TiBr^, Ti (OCKol^Cl^, VCI4, and VOCI3; 

Similarly, c.P. Cheng, at SPO 91, the Specialty Poly- 
clef.ns conference sponsored by Schotland and held in Houston 
Texas in 1991, cited TiClj/AlH.cl and MgCl,/Ticl,/««3 « ex.,ples 
Of non-metallocene Ziegler-Katta catalysts and transition metal 
cyclopentadienyl complexes as examples of metallocene homogeneous 
polyolefin catalysts. 

AS a consequence of the single site system afforded by 
- metal locenes, ethylene/alpha-olef in copolymer resins can be pro- 
duced With each polymer chain having virtually the same architec- 
ture. Therefore, the copolymer chains produced from single site 
systems are uniform not only i„ chain length, but also in average 

comonomer content, and even reou 1 i-„ 

regularity of comonomer spacing, or 

incorporation along the chain. 

in contrast to the above mentioned Ziegler-Natta poly- 
-rs. these single site metallocene polymers are characterized as 
havxng a narrow MWD and narrow conpositionai distribution (CD, 
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While convencional polv^ers Have a.ou. 3.5 eo 8.0, 

oce„« .a„,e in M» '.ro. , . , 3 . 5 and .^icai - 

IX -ou. 3.0. ^» .0 ..e ..eaa.. o. .He ais..i..Uon o. 

we.,h« Of Che polymer chains, and is a value which is 

=b.a.ned dividin, .he „un^e.-avera,e ..lecula. wei.hc in.o .he 

^ we.,hc. average ^lecular wei,h. . low CO, o. regularity of 

s.ae , ^^^^^ ^ ^^^^^^ ^^^^^^ ^^^^^^ 

a.scr.hu..on and length of all other chain., greatly reduces the 
low MW and high MW "tail*;" tv,« 

• ^^^"^ features reduce the extract- 
ables which a rise from poor LMW contro' 

ijaw controx as well as improve the 

optics by removing the linear 

ne linear, ethylene-r- ch portions which are 

present in conventional heterogeneous resins. 

Thus, conventional Ziegler-Natta systems produce hetero- 
geneous resins which reflect the differential character of thei: 
-I..ple catalyst sites while metallocene systems yield homogen;. 
ous resins which, i. ^^^^^ 
catalytic site. 

Another distinguishing property of single site catalyted 

ethylene copolyrners is .manifested in the.r n.lr ■ 

in tneir nelti.ng point range. 
The narrow CD of metallocenes products a .-,a--w -e,-,.. ■ 

'^"^ -e^^ing point 

rang-) as well as a lower Differential ■ 

^irrerential Scanning Calorimeter (DSC) 
peak melting ooint oep^w ri„i;u 

, , "nventional resins which retain 

a high .elting point over a wide density range, .etallocene resin 
J .ing point is directly related to density. .or exa^le, an 
ethylene..ute.ne copolymer- having a densU. of 0..OS g.cc produce. ' 

C, whue a slightly lower density ethylene/.utene copolymer 
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Which „.s ^de usin, a ccnvencional ziegler cacalysc refle^rirr 
heterosaneous nature with a meltin, point at about 120Oc o^c 
Shows that the zie.le. resin is associated with a .uch wider .elt- 
-.g point range and actually melts h.gher despite its lower 

density. 

While providing improved physical properties such as 
opt.cs, low extractables and improved impact, the narrow composi- 
tional distribution Of some typical metailocene catalyzed res.ns 
can cause some processing difficulties. It has been found that 
such processing problems are avoided if some limited long cha.'n 
branching is introduced. That is. a typical metallocene catalyzed 
ethylene alpna-olefin m.y be thought of as a collection of line.- 
Chains each of substantially identical le..gth, each having aporox- 
^mately the same number of short chain (ccmonomer, branches 
distributed at regular intervals along chat length. Splicing an 
abbreviated linear chain with the. sai„e regular comonomer distri- 
bution onto each of the linear chains, or at least some of the 
Chains in the collection, yields an ethylene alpha-olefin with 
.essentially all of the physical properties of the original copoly- 
mer, ^ut which an improved -body or melr .-re.-c - 
Processability i.ncluding improved extrudabiUty,' orientaTIon 
speeds and susceptibility to irradiation. 

In recent years several resin suppliers have been re- 
searching a.nd developing metallocen. cat.iyst technologv.. The 
following brief discussion should be viewed as representative 
rather than exhaustive of this active area of the Patent litera- 
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Do« in E? 416,815 disclosed che preparation of erhyiene/ 
Olefin copolyn,ers using monocyclopentadier.vlsilane co,npiexed to a 
transition .etai. The homogenous ethylene copolymers which be 
prepared using this catalyst are said to have better optica, 
properties than typical ethylene polymers and be well suited for 
film or injection molding. 

As will be Shown below, it has been found that resins 
produced by the Dow process exhibit improved physical properties 
Characteristic of single site catalyzed res.ns but also possess a 
processabUUy similar to that of co.nvent.cnal 21ea^er-Nat^a co- 
polymers. It is believed that the Dow ..etailocene res.ns possess 
the U.-xted long chain branching discussed above. 

welborn in Exxon U.S. 4,306,041 discloses the use of 
metallccene catalysts to produce ethylene copolyoers which have 
narrow .-nolecular weight distributions. 

Chang, in Exxon U.S. 5,088,228 discloses the prcduc-^on 
Of ethylene copolymers o£ 1-propene, i-bucene, 1-hexane, a.nd 
1-octene using metallocene catalysts. 

Exxon in U.S. 4,935,397 discloses the production of 
ethylene copolymers using metallocene catalyst., to manufacture 
POlyt.er suitable for injection molding or ther„o forming. 

welborn, in Exxon u.s. 5, 084,53^ discloses the use of 
bis,n-butylcyclopentadienyl, zirconium dichloride to produce h^-h 
molecular weight polyethylene having a polydispersity of 1.8 and a 
density of 0.955 g/cc. 

in Exxon U.S. 3,161,629 a cyclcpentadienyl co.mnlex is 
disclosed which may be used to produce pciyolefins having con- 
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.roue. ..lecula. „ei,.c an. Ce.si.v sui=3fc:e tor .se in e«rusion 
^ or iroeccion molding. 

C^nich in Exxon U.S. Pa.. N'os . 5,055,438 and 5,0 = 7 
d"cl=.„ .he use Of mono-cyclope.n.a.ienxl ca.al^.s havin, a 
"n.q.e siUoon bridge which ro^y be employed .o selec. .h- s-er== 
, che..oai s.,r.ccure o^ che poller. Ca.al„.s .uch as .e.....i, " 
Phenyl, siiyl, te.ra™echylcyciopen.ad.e„y:..erch.cyia..do zi^co- 
d..-.-.ior.de be used co produce pclyechyiene and e.hyiene 

copoiy:,ers suitable for films and fibers. 

Mi-sui Toa.su in 63/175004 encioyo-- b--,r..,-i„ 
d.eny., e.W.-ZrCl .o prepare homogenous ethylene copol^^ers. 

Mitsub.shx in JP 1,101,315 discloses c.-.e use of b.s 

^^^^ ^.^j. I ) ^r(^ 12 tor the D^Pn<=i r^r ^ 

copolvmers . 

1= Should be noted that at least see previously avaxl- 
^Me et..yle„e based Unear polymers approx..™ted the p.hysical an. 
ccpcs.t.onal Properties achieved by the .resent .etalloc^-e 
-.a.y.-ed polyole.-.ns. Per ex^ple, ^^^^^^^^^ 
. .--r.tution Of Ethylene/l-autene Copo::^,ers Precared w-th a 
soluble vanadiu. Based Z.egler-Katta Catal,st,. M«ro«oi,l,.:.. 

:5, .aao - aa.7, .t „as confirmed that a :oluble vanaZ„ 
.ase. Z.egler-Hatta catalytic syste. ^^^y.,,.c,.,„ci,. acts 
"sent.ally as a single site cata: ..t al::..tugn VOCI3 is net a 
-^"Uccene. Homogeneous copolymers Produced by such a catalyst 

system. . nave been commercially available fcr several y.ars An 
exam,Ple of such are the resins sold under :he trade-mar. 

TafmerfTM) by Mitsui. 
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U.S. Patent Ho. 4,501.634 Co Yoshi^ura al is directed 
CO an oriented, .ultilayered ^il. which includes a Ta£.,er as a 
blend component in at least one layer. 

o-apanese Kokoku 373 = 7/83 to Gu.-.z. Limited was directed 
CO a heat-sealable biaxially oriented cc^osite fil. w.^rein the 
heat seal layer contains Tafmer in a blend. 

The foregoing patents disclose .homogeneous et.hylene 
alpha-ole£i,-s having densities below 0.90 j.'cc. 

A successful and useful fil. according to the 

process sho.-n i„ u.s. Patent No. 3.741,:53 mentioned above A 
heat shr.n^able bag can be ,«de from such fil. wh.ch has wide 
appUct.on, particularly for meat, poult-., and soneda^.-y 
procucts. Her, shri.n..abl. polymeric til» have gained wldest-.d 
acceptance fcr packaging meat, particularly fresh meat a^d 
cessedmeat. ^^^^^ -de from the heat shrU.able film are sea.^d 
" one end w.Uh the other end open and ready to receive a mea. 
product. «ter the cut of m.eat is placed .n t.he bag, t.he bagw.-, 
nont^Uy be evacuated and the open end =f the bag closed bv .-a. 
- seal..-.g or by applying a clip, e.g., of me:al. This Process .s 
advantageously carried out within a vacu., chancer where .he 
evacuation and application of the clip or heat seal is done 
-^-ally. .feer the tag .s removed from :he c,ha,-„ber it is 
Shrun.. by applying heat. This can be dene, for instance, by 
xmmersing the f riled bag into a hot water bath or conveying ,> 
through a hot water shower or a hot a.r tunnel, or by infra red 
radiation. 

in the usual distrrbution charn, a whole pri^l or sub- 
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w«hi.. .he „ux ...vex ,.o. a ce«„i 3Ua,h=er..o.se «...e U 

^ ^-■■^ P-^^^ed . 3upe™..ec where .he b.. via .e 

opened o.nd the meat win be cue for r.h-n 

oe cue tor retail portions. Tliu- . the 

or .hi= .,pe ™us. sa.is^. a nu^er of re^i.-e„e„.. which a., 
-pose. .U..h.e.ho.se o. pacUn, house ^'^ 

-e. Pu«hen.ore, oaen .he .a, is placed i„ .he showcase a. .he 

retail supermarket for snpri^i r>>.^ w 

special promotions when a whole loin for 

-™PU, ,3 .o he soid .o a consume, .o. .e.aii use, pa«icuU.- 
ly. .3 desi.aMe .o have an ac.ac.ive pac.a,e. .his re^i..^ 
--...e.. complete sh.in.a.e of .he ha. around .he produc. so^ 
^..a. -.he .a, is no. w.in.ied and hiood and juices are no. .rapped 
m .he folds Of .he wrinkles. 

Ano.her i^por.an. charac.eris.xc of a bag is .he caca- 
-U.. Of .he ba. .o ph^sicali, survive .he process of hein, " 
^Ule. evacua.ed, sealed, ciosed. hea. shrunk, hoxed. shipped 
-ou. .he coun.r., unloaded, and s.ored a. .he re.ail supe.^rke., 
.XPe Of abuse rules ou. r^ny pol,.eric fil^s. 

Anc.her fea.ure retired by bags used for .he foregoing 
-3cr.oed appuca.ion is .ha. .he bag .us. also be s.rong Jj' 

: i,"Tc7p"?^"""^ " - 

e. 100 pounds or .ore or large chunks of cheese weighing 
^0 lbs. or ..ore. Xn par- .cular. when .he chunk of .ea. or cube of 
ceese .s pushed in.o .he bag ..s bo..o. seal .us. wi.hs.and .He ■ 
-.ceof .he„ea.orcheeseasi.hi.s .heseai. Mso, in hags 

bag and by sealing .he srdes. seal s.reng.h is an i^or.an. 
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factor. 

One of the more common hazards in packasing and discr-- 
butinj produc-.s in flexible packaging materials .s the haza-d of 
the material receiving a puncture wh.ch release the vacu^, ' 

.r.s.de Che bag and allow oxygen to enter. Ar.ything from the 
application of the clip to the presence cf a b,.e in the meat can 
cause a punccure. 

Canadian Patent Application Serial No. 502,615 of 

Ferguson et al discloses multi-layer t-e-ociac^ . v. • 

-ayci t..e«...opia£t ic barrier film 

comprising: 

1^1 a layer comprising very low de.-.s-y polyethylene having 
a density of less than 0.910 g/cc, 

(bl a harrier layer comprising a .^terial selected f-o^ t-e 
group consisting of: i, copol>^ers of vi.nyUdene chloride ard 
21 hydrolyzed ethylene-vinyl acetate copoli^ers; and 

'O a thermoplastic poly:ner layer, said layer being on t-o 
side of the barrier layer opposite to that cf layer ,a,,- 

the multi-layer film being oriented, a.nd .heat shri.nkab.. 
,;at a temperature below lOOOc. This film hag been used to make 
heat-shrinkable bags to contain meat, cheese, and t.he lik- A 
com..ercial product, within the scope of this Patent application, 

that has met with succojs i=; i - fa^.- 

succe^s la 1.. fact composed of four layers ^- 

inner layer is fo^ed from a blend of 9C» of an copoly,„er 
containing 6% vinyl acetate and 10, of an ethylene-alpha-olef in 
copolymer of density 0,912 g/cc, A second layer is composed of a 
blend Of 80* of linear ethylene-alpha-olef in copolymer of density 
0.912 g/cc and 20% of an EVA copolymer containing 20» vinyl 
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.cec«e. A ci-.ira. barrier layer is composed of a copolymer of 
vx.yUdene chloride. A fourc.. ou.er layer .s composed of a cler.d 
of 91, of an r/A copolymer containing 9% vinyl acecace and 9, of 
Unear ecnylene-alpha-olef in copolyn>er of density 0.912 g/cc. 
This fUr, is prepared by co-extruding t.he two i.-.ner layers to 'c^-n 
^ tape o: circular cross-section, irrad.ati.ng to cause cross- 
i-nk..-.g, coextruding the barrier layer and the outer layer c-^o 
-.:.a outs.de wall of the tape, biaxially stretching the product, 
=«c.r.g rt rnto lengths and heat-sealing each length at one e- -o 
:or., a heat-sealable, heat -shr.n.able .ag. T.he four layer wall of 
Che cdc has a chickness of about 2.4 mil. 

Although this ccTunercial product works well, chere a^- 
seme c.ff.cuic appUcac.ons for which this product cculd be 
proved upon, for xnstance packaging pic.ic han..s , and i.-nprovements 

s:iil sought m the areas of abuse resistance and shrinkage 
— e is the ter. used to describe the treatment that a bag is 

sub:ect=d to when it is packed ■ - ^ h-^-. 

Pac.<eu ... a h.gn speed packing operation 

-^^ i.-.5tance in a meat packina nl,^nr a k = 

^ '-^.ng Plant. A bag must withstand the 

>.Tipac-_ or the meat ente^iic r^e^ 

ence.mg t..e bag. witncut that causing any 

breakage i„ the heat seal at t.he initia:!,- closed end of the hac 

- Che ..eat has pr=;ect..ng bone the bag .ust wUhstand t.he ..pact 

- tne oone without puncturi.ng. The bag when evacuated a.nd sea-ed 

w.th stand hydrostatxc pressures of blood and juices fro. the 

one approach to improving abuse resistance is to in- 
crease the th.Cness of the laminate fUm. It has been expected 
Chat th.s approach would lead to irnprove^ent in abuse resistance 
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r-e exper.se of deceriorac ion ir. other ■-por-.dnc proper - 
•-•cu:.i therefore be unaccepcacle . ia-. increase m the 
^n:.k.ess 1^.- a reduction of the e-.cic:-y of :he film wh.ch 
^■^3ui:3 .n ::;.reased scffr^ess of che :::;n. Th.s reused stiff- 
ness .-C5 :.: ::r:r.ac:or. cf creases and increases tne risk of 

crease irac""_:**'=^^ r£aci,r-;«^ ;^ . , 

^, .esu-.,...^ ,n mcreasec leakage m handling. 

•bother d. ..advantage is reduced heat shrinkage. It is desirable 

Chat the fU.T, shall have high heat shrinkage for several reasons. 



it* 



. Film with high heat shrinkage encloses the packed foodstuff more 
Cicse-/ -o yield a packed produce with greater aesthetic appeal, 
whicn IS particularly important at the retail level. .Also H-g- 
-r.rinxcge reduces the fo— ^tion of ears in ;he pack-ge . Reg^^c:s 
of o sealed a.nd .neat shrunk package thaf are not separated bv th=^ 
packed .T.terial are referred to as ears, that is regions where the 
two inner surfaces of the bag are in contact with each other. 
Ears are unsightly, and for this reason should be as small as 
possible. Also ears project and with large ears there is in- 
creased risk t.hat ears will catch on prorections encountered 
.) during handling and be torn, resulting in a leaki.-.g pack.. 

There has now surprisingly been found a film composition 
with enhanced tensile stre.ngth, interply adhesion and resistance 
to tear propagation. 
SLfMM^J.y OF T.H£ riWEMTTOM 

The invention provides a multi-layer, oriented, heat 
shnnkabie thermoplastic film comprising: 

( : ) a f ix-sL layer c-crprisinr, an ethylc— vinyl acetate co^lymer 
or a i:.-,ear echylene-alpha -olefin copol>.r.er or a blend of an 
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echylene-v.r.yi acetace copolyzner and a i.near echy lene-alpha - 
olefin copclv-mer; and 

(^i) n rocT^nd layer conorisi^ a blend of (a) a linc.r oUwlene- 
3lpha-oief.n copolymer: (b) a material seiecce^ f.cn the grouc 
consisting of ethyUne-v.nyl acetate copolv^.ers. ethy lene-butyl 
acrylate copciymers, ethyiene-methy i acr-/Ute ccpol.^ers, 
ethyUne-.-nethyl methacrylate copoiyr^ers. ethy lene -acrylic acid 
ccpol:^.ers. ethylene-methacrylic ac.d copol,^er and ethylene- 
carbon .onox.de copolymers; and (c, a narrow molecular wexght range 
i Unear ethylene-alpha-olef in copolyn^er having a density of less 
than 0.9 g/cc, preferably 0.870 to less than 0.900 g/cc. 
preferably 0.970 to 0.885 g/cc. 

Axr^cng preferred features of the i.nvention are: 
a) a fUn, whereLn the first layer oonu^rises n blend of an ethylene-vinyl 
acetate copolyn^er and a linear ethylene-aipha-olef m copolymer; 

bl a film wherein the linear ethyle.ne-alpha -olefin copcly- 
.:x>r present in the first layer has a density of about 0.920 cj/cc; 

c) n fnr„ wherein the second layer has a subetantinlly greater 
thic^uK^ss th..in the first layer; 

c> a film which comprises a furcher layer of r-.ateriai 
resiscant to oxygen transmission; this rr.aceriai .-r^ay be a cocoiyn-^e^ 
of vmylidene chloride, especially a copolymer of vmylidene 
chloride with vinylchloride or methyl ac:ylate. Alternatively the 
materi.i resistant to oxygen transmission is a copoly-mer of 
ethylene-vinyl acetate in which the acetate-.moieties have been 
partially or completely hydrolyzed. This rray be mixed with the 
vinylidene chloride copolymer. if the material resistant to 
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oxygen transn.issxon .3 a copoi-,.ner of echyiene-v.nyl acetac. .n 
whxch Che acecace mc.e-..es have been parcially cr compiecely 
hydrolyzed cc gwe echvlene-v.ayi ai.ohcl copclv-n.er then adhesive 
layers wUl be required co ma:<e this layer adhere to ad.acer.c 
layers thereby g:v.nc a film with a further two .'adhesive) l.vers. 
TVpical adhesives include acr/Uc acid rr.cd.fied ethylene- v.nvi 
acetate, anhydr.de modified ethylene- v.nyl acetate and meth- 
acrylate resins; 

e) a film which comprises a further layer of a thermo- 
plastic polymeric, material T'h** f,,^^-..^^ 

ai. .ne fu-.wer layer comprise a 

copolymer of ethylene -vmyl acetate.- 

f) afilm wherein: 

the first layer comprises a blend of ethylene vinyl 
acetate copolymer and a linear ethyl ene-alpha-o le fin copolymer 
preferably having a density of below about 0.920 g/cc; 

the second layer comprises: (a) a linear ethyleno- 
alpha-olefin copolymer preferably butene, hexene or octene; (b) 
a. material selected from the group consisting of ethylene-vinyl 
acetate copolymers and ethylene-n-butyl acrylate copolymers; and 
(c) a narrcw molecular weight range linear ethylene-alpha-olef in 
copolymer having a density of less than 0.900 g/cc; 

and wherein the film further comprises: a layer 
comprising a vinylidene chloride copolymer or an ethylene-vinyl 
acetate copolymer in which the acetate moieties have been 
partially or completely hydrolyzed; and a fourth layer 
comprising a copolymer of ethylene-vinyl acetate or a blend of 
ethylene-vinyl acetate copolymer and ethylene-alpha- olefin 
copolymer preferably in the proportion 
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^i%:9% by we;.ght, parcicuUrly ?2.5%:7.25% by weight. The 
e'-r.y^er.e-aiphd -olefin copolymer r.orrunonly w.il have cer.siLy of 
jreacer chd.-s 0.915 g/cc. 

Mul--:l=yer fiirns of che invent : -r. may ccir.pr.^e as many 
^3. fcr exa.T.pie. nine layers and may include, for exa.T.pie, three 
or four adhes-ve layers for reasons outlined above. 

Preferably m such a film m tlx. first l.vor the ctJ.v]en(^- 
vinyi acetate copoiyrr.er has a vinyl ac..... coat.... aoout 6% 
and the blend conr^riscs about 90% by weJnht. of tho ethylenc- 
vmyl acetate copolymer and about 10% by weight of the linear 
ethyl ene-aJpha -olefin copolymer. 

Also, preferably the second ]nvcT c^^rmv^ n linear 

ethylene-alpha-oiefm copolym.er having a density of about 0.885 
g / c c . 

Further preferred is a film wherein sc>cx.nd layer includes 
about 50% by weight o£ the layer of a linear ethylene-alpha- 
olefin copol:^er, about 20% by weight of the layer of an ethylene- 
n-butyl acrylate copolymer and about 30% by weight of the layer of 
.the linear ethy le.ne-alpha-olef in copolyrr.er havi.nc a densitv of 
less than 0.900 g/cc. A ethylene-n-buty 1 acrylate copolymer which 
is preferred has a butyl acrylate content of about 18.5% by 
weight. 

Alternatively the second layer includes an ethy] cnc-vinyl 
acetate copolymer that has a vinyl acetate content of about 18% by 
weight. 

in a further preferred embodiment the third layer oomnrises 
o corolymer of vinylidcne chloride and rethyl acrylate 
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and ,J.. fourth lav^-r .«,priso.s oU,ylena-viPyl .cctato conoI-^-r 

=r a blend. I„ ,„., Ucul^l, preferred e*ccU^n.. „ the th... u^er 

= - ccpciy^e. Of v...-,,-Uden. ehlcr.de and .echyi acryla.e c,nca-s 

v...y..ce..e ^.nicrice and abou: a.ii by 
v«>inht of n«.thvl,ac.Tl„.„ ,„ ts^ fovurth l.yer th. othylene-vi„.l 

acetate copoivTuer has a vinyl acetac- c-r-ent , ^ 

e_.„ent of atout 0* Ijv xciciht. 

one preferred use for fUm ef the invention is in.^ie==- 
cacles sueh as bass or pouches that are used to contain .eats ' 
=o.e Cheeses, seafood, and the U.e. the receptacle being h-at 
•. shrun. about the Pac.a^ed foodstuff. .or this Particular use the 
£Um contains an extra layer that serves as a barrier to the 
transmission of gases, particularly oxygen, ^nd also a laye- to 
protect thU barrier layer against abrasion.' Thus, in a nr.fe^-.d 
e,nbodi..ent the invention provides a fil., composed o£ four laye-s 
t-ayer ,1, is as defined above and when the fil. is used to for. a 
receptacle to contain foodstuff this layer will for. the interior 
surface and also be in direct contact with the foodstuff. This 
iayer win .I30 provide the seal when two sides of the receptacle 
.,are heat sealed together, so this layer is someti.es referred to 

as the sealant layer Lr^vf^r- f -y ^ ; ^ 

yer. Layer (2) is preterably substantially 

Chic.er than layer ,1,. Layer ,2, is so.eti.es IcnowP. as the core 
or substrate layer. The third layer provides the oxygen barrier 
and is therefore known as the barr.ver layer. The fourth layer 
provides abrasion resistance and is therefore so.eti.es >cnown as 

the abuse layer. 

The first layer, or sealant layer, is preferably com- 
posed of about 90% Of an ethylene-vinyl acetate ,EVA. copolymer 
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and about 10, of a linear ethylen.-alpha-olefin copolyaer. Th-s 
la = r.er c.poly^er preferably has a density of greater than 0.915 
9/cc. The copolymer preferably has a v.nyi acetate content of 



about: 6% 

Useful operable ranges of th*» 

i-auyes oc cne t.^ree componencs of che 

core cr subscrace layer are as follows: 

Particularly 
preferred 

Component- of r^ ,,^.^ Preferred rangs proportions 

^ Lbvjygioht ) fbv weight) 

(a) linear ethylene-alpha- 3o_704 
olefin copolymer, density 
preferably greater than 
0.915 g/cc 



50% 



(b) ecnylene-vinyl acetate i5--n» 

copolymer or ethylene-n- " ^0% 

butyl acrylate copolymer 
or equivalent 

(c) linear ethylene-alpha- ^0-50% 

olefin copolymer having 30* 
density of less than 
0.900 g/cc. 

The third layer is resistant to oxygen transmission and 
.s also Known as the barrier layer. One suitable material is an 
. copolymer that contains at least 35* of VA, prior to hydrolysis 

and has been partially ,at least 50% and preferably at least ,0„ 
or completely hydrolysed to convert acetate ester moieties to 
hydroxy groups. Such a hydrolyzed EVA copolymer is sometimes 
^nown as an S-.OH. More preferred are hcmopolymers of vinylidene 
chlor.de and copolymers containing at least about 30% of vinyli- 
dene Chloride, Known as saran. The comonomer can be for example 
vxnyl Chloride, methyl acrylate. methyl methacrylate, acryloni- 
trxle or butyl rubber, of which vinyl chloride or methyl acrylate 
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is preferred. 

i propercies of the material used in the fourth abuse 

layer ere not particularly critical, except that the material 
should be clear, resistant to abrasion and able to accept ink for 
printing. Many thermoplastic materials are suitable, and ment.cn 
is mace of ethylene polymers and copolymers, especially EVA 
copoli.oers. Blends of such materials can be used, and ethyl- 
ene-propylene rubber (EPR) can be incorporated in such blends. 

The film of the invention can be used at the same gauge 

as the current commercial product i p j a mi ^ ^ 

K-ivjuuct, I.e., ^-4 mil. A common thick- 

ness is 2.4 mil. For premium applications, for instance packing 
bone-in meats such as bone-in hams, it is preferred to use film of 
a thicker gauge, about 3.5 to 4.0 mil. 

Advantageously, t.he linear ethylene-alpha -olefin copolv- 
mer material may be cross-linked. A preferable method of cross- 
linking is by irradiation although the material may be cross- 
linked by chemical means. Also, in certain instances where the 
barrier material is EVOH, it may be advantageous to cross-link the 
> barrier material. As E^OH does not adhere as well as saran to the 
other layers of the film, if EVOH is used as the barrier layer it 
may be necessary to use it sandwiched between two thin layers of 
materials that have good adhesive properties and resistance to 
moisture, for example EVA. 

In still another aspect, the present invention is a 
seamless tubular film made from any one of the multi-layer film 
combinations set forth above by a tubular or annular extrusion or 
coextrusion process. 
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rn yet another aspect, the invention provides . cecep- 
t<.=le such as a ba, or pouch „ade from t-e nim o- rh« 
E£FINiri2£i£ invention. 

Polyvinyiidene chloride. so.et..es called saran. .e-ns 

vxnyudene chloride usually copoly.er..e. „i.h at least one othe- 

^=.o.e.- „hich includes, but .s not limited to, vinyl chlor.de, c," 

Ce al,<yl acrylates (such as .ethyl acr.late, . c, to C« 

mechacryiates and acrylonitrilP • 

ryionitrile. Saran xs then plasticizec for 

becter processability . 

The term ■LLDPE" refer<? fr, i ; ^ 

reters to linear low density polv- 

ethylene „hich .s generally understood to include that .rou^ o. 
ethylene.alpha-olean copolymers havin, n.U.. side chain hranch- 
.n. When compared with non-linear polyethyle.es and which tall 

::;r """^^ " -p--oie.in co- 

polymers are typically hutene-1, pentene-1, hexane-1, octene-1 

The teo„ -ethylene-vinyl acetate copolymer- ,EVA, as 
u.ed herein refers to a copolymer forced from ethylene and vinyl 
^ -etate monomers wherein the ethylene units are present ih a ma.or 
a. unt and the vinyl-acetate units are present in a minor amoun . 
More preferably, when usin. an HV. copolymer the amount of vi,yl. 
acetate may ran.e from about 5 to about .0, When HVA is followed 
by a present fi,ure.this refers to vinyl acetate content as per- 
cent by wei.ht Of cv.. xt is preferred chat layers that ^y 
come i„ contact with .rease from coo.ed meats, i.e.. i„ 

sealant layer shall have a vinyl acet«r« . 

^ , acetate-content towards the lower 

end of this range. 



25 



250 r - 

54536-789 

The composicions can include addicional materials chac 
do not affect their essential character, for instance stabilizers. 
Pigments, processing aids such as waxes, deodorizing agents anti- 
static agents, anti-blocking agents, plasticizers and the like. 

A "heat shrinkable- material is defined herein as a 
material which, when heated to an appropriate temperature above 
room temperature (to, for example 960c, will have a free shrink of 
10% or greater in at least one linear direction. Shrink proper- 
ties are after measured at 85°C. 

') 

The term alpha-olefin copolymers as defined herein 
refers to the newer copolymers of ethylene (or propylene or 
butene) with one or more comonomers selected from C3 to about C, . 
alpha-olefins but especially comprises ethylene copol,^ers with'c4 
CO about aipha-olefms such as butene-i, pentene-1. hexane-1,' 

occene-1. and the like in which the polymer molecules comprise 
long Chains ^with few side chains or branches and sometimes are 
referred to as linear polymers. These polymers are obtained by 
low pressure polymerization processes. This copolymer is some- 
times called -low pressure-, low density polyethylene thereby 
referring to the polymerization process which produces it. The 
copolymer can contain a small amount, usually up to about 10 mol 
percent, of a conjugated or non-conjugated diene, for example 
butadiene, 1 . -hexadiene. 1 . 5-hexadiene. vinylnorbornene, ethyl- 
idenencrbornene or dicyclopentadiene . The side branching which is 
present will be short as compared to non-linear polyethylenes . ' 
The molecular chains of a linear polym.er may be intertwined, but 
the forces tending to hold the molecules togethe; are physical 
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racher Chan chemical and thus may be weakened by energy applied in 
Che fcr:n of heac. The ethylene alpha-olefin polymer has a densicy 
in Che range from about 0.910 g/cc Co about 0.940 g/cc. more 
preferably in che range of from about 0.912 g/cc to about 
0.928 g/cc for film making purposes. The melt flow index of these 
polyethylenes generally ranges from be twee.-, about 0.1 to about 10 
gr^ms per ten minutes and preferably between from about 0.5 to 
about 3.0 grams per ten minutes (ASTM D 1238). The lower density 
alpha-olefin copolymers as referred to herein, such as ethylene 
alpha-clef in copolymers have a density from less than about 
0.910 g/cc to about 0.860 g/cc, or even lower. m the core or 
substrate layer of this invention the alpha-olefin copolymer 
should have a density below about 0.90 g/cc, ' preferably about 
0.885 g/cc, be more homogeneous than traditional polymers of this 
type a.nd have a narrower molecular weight range. 

Recently, a new type of ethylene-based linear polymers 
has been introduced. These new resins are produced by metallocsne 
catalyst polymerization and are characterized by narrower or more 
•pmogeneous compositional properties, such as molecular weight 
distribution, than resins produced by more conventional metallic 
catalyst polymerization systems (see detailed discussion above). 
Conventional metallic catalyst polymerizacion systems have dis- 
crete catalyst composition differences which a^re manifested as 
different catalyst reaction sites with each site having different 
reaction rates and selectivities . Metallocene catalyst systems 
are characterized as a single identifiable chemical type which has 
a singular rate and selectivity. Thus, the conventional systems 
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linking and thereby enhancing adhesion fcecween che layers compos- 
ing the film c£ the invention. It is possible to include a crcss- 
linkir.g enhancer in the material- Suitable cross -linking enhanc- 
ers are mentioned on page 7 of Canadian Patent Nc . 1,125,229. 

If EVCH is used as the barrier layer this can be 
extruded onto the tube prior to the irradiation step. If the 
barrier layer is a vinylidene chloride honicpoi-j'Tner or copolymer it 
is nomally preferred to irradiate prior co the application of the 
barrier layer, as vinylidene polymers are discoloured by irradia- 
tion. The extent of discolouration depends upon the convonomer and 
the extent of irradiation. Vinylidene chloride-methyl acrylate 
copolyniers discolour less readily than vi.^.ylidene chloride-vinyl 
chloride ccpolyniers. 

After leaving the irradiation vault the substrate tube 
is again inflated and sent through a tubular extrusAon coating die 
where, in a coextrusion process, it receives a coating of vinyli- 
dene chloride copolymer and layer of ethylene vinyl acetate co- 
polymer or blend. After receiving the final coating, the film is 
cooled, collapsed and rolled up. It is now a four layer tubular 
tape having a wall thickness of approxiiracely 700 jim (approxima- 
tely 27.5 mils). The sealant layer is approximately 90 ti.u in 
thickness, the substrate layer is approximately 400 ^im in thick- 
ness, the barrier layer is approximately 60 jlt^. in thickness and 
the abuse layer is approximately 150 uia in thickness. 

This tape is subse<;uently unrolled, fed through a bath 
of hot water held at 205<5 to 210<^F, preferably close to 210<^r, and 
as it leaves the hot water it is inflated a.nd blown into thin 
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rubing where izs wall thicteess will preferably be about 30 to 150 
microns. This is the trapped bubble cecnr.iT-e which is well 
known in the art. The film is rapidly ceded to sec the 
orientation and then rolled up for further processing. 

One further processing step can be taken to make end 
seal bags by transversely sealing and severing across the seamless 
tubular filn as it is laid flat to make individual bags. Side 
sealed bags may be made by slitting the seaniess tubular film 
along one of its edges after which it is transversely sealed and 
severed into bags. The side seals are the sealing and severing 
seams and the bottom of the bag is the unslit edge of the film. 

Other bag and pouch making methods known in the art may 
be readily adapted to making receptacles from the mulci- layer film 
of the present invention. 

Film of the present invention is particularly advantage- 
ous when used in the form of bags for packaging meat with project- 
ing bones. The packaging of meat with projecting bones is a 
constant problem, as the bone, %aiich in uncooked meat can -float- 
and is therefore somewhat mobile, tends to puncture the bag. A 
common but unsatisfactory solution to this problem to use a 
patch that is located over the projecting bone to enhance puncture 
resistance. It has surprisingly been found that with the film of 
the present invention the thickness used can be increased, therebv* 
enhancing puncture resistance, without the expected disadvantages 
of loss of heat shrink properties and loss of clarity of the film. 
Furtherr:r!re, the film has ei slightly softer feel to it than other 
known films and it appears to -give- somewhat but not puncture in 
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-MAChir.abilicy -Compatibility to filing 

machines 

.<2ost -Competitive cost - ' .3- 

-Compatibility -Good bond strength between 

layers to give integrity 

-Others -Environmental and food laws - 

A product IS usually designed and developed based on the 
criteria as listed a£>ove. Number of layers are thus determined 
depending on the customer's needs and the performance levels 
expected from the product, : ";!^^i::T.; . 

The thickness of each layer and total thickness of the 
product depend largely on the properties desired, optimum cost to 
benefit ratio and the litoitation of the equipment process. 
Thickness P.ance 

Layer Range Preferred Most Preferred 

(microns) (Typical T gauge) (Formulation 

Z670) 

Sealant (inner) 5-20 10 10 

Substrate (core) 15 - 85 35 50 

Barrier (coated) 5 - 25 5 8 

Abuse (outer) 10 - 35 15 20 

Total 30 - 150 60 88 

The invention is further illustrated in the following 

examples , 

As a standard for comparison a film denoted as Z608 or 
B747 was used. Physical properties compared include tensile 
strength, tear propagation, interply adhesion, gauge control and 
productivity- ' ''^-y^'''. 

Z608 (B747) film comprises: 

Sealant layer: blend of 90% EVA with 6% VA content and 10% 

linear ethylene-alpha-olef in copolymer of 
density 0.920 g/cc (Dowlex* 2045, available 
from Dow Chemical Company) . 
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Outer layer: 



blend of 80% of linear echylene-aipha-olef m 
copolymer of density 0.905 g/cc (Attane* 4203 
available from Dow Chemical Company) and 20%,,::, 
of EVA with X8% VA concent* 

96% of a copolymer ccmpcsed of. 91.5% vinyl- 
idene chloride and 8,5% methyl acr/late, and 
4% of epoxidized soya bean oil plasticizer, 
plus Irganox* 1010 antioxidant- 

100% EVA copolymer with 9% VA concent (this 
layer may include S% of mascerbacch containing 
usual additives including antioxidant, 
antiblocking agent, etc. if required). 

in developing new formulations to compare with 2608 

^^^^fe{B747) the iesins /blends and the layer thickness of outer, inner 

and barrier layers were not changed to Mke such comparison 

easier. 

The core layer being the principal* contributory layer , in ,, 
imparting major inventive properties, was modified and only 



^^2d^ipi details of this layer are given in the examples. The develop- 
^^^'^'^■r mental work was divided mainly in three stages : 




Evaluation of Processing Conditions - viz. Temperature 
Profile, Back Pressure in extruders. Cooling, Motive Load, . 
Rates & Yields . 

Evaluation of Desired Physical Properties in different blends 
and thicJcnesses . 

Final Assessment & Pilot Plant Run. 

In the Examples which follow the following terms are , . 



used. 



Tafxner is the trade name for the generically known 
Ethylene/ Alpha -Olefin Copolymer manufactured by Mitsui Petro- 
W'^^^:' Chemical Industries Ltd. Ethylene/Alpha-Ole£in Copolymer is 



liTii-^j'- A-*.,- - ■ 

♦Trade-Mark 
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broadly classified in two basic categories, viz. crystalline and 
amorphous. 

Crystalline grade have the nomenclature with a prefix 
•A', amorphous grades have the nomenclature with a prefix 

P-0480 - Amorphous grade with density 0.870 gnis/cc. 

A-10a5 - Crystalline grade with density 0.885 gn\s/cc. 

Other linear ethylene-alpha-olef in copolymers which are 
available and can be employed in films and bags of the invention 
include : 

(a) •ConstrainfKl Geometry Catalyst Technology" resin (CGCT) 
available from Dow; 

(b) -Single-Site* Catalyzed (metaliccene catalyst) resins 
(SSC) available from Exxon. 

These resins have densities in the range of 0.860 g/cz 
to less than 0.900 g/cc . Resins of these tj^pes have Marrow 
Molecular Weight Distribution (NMWD) and Composition Distribution 
(CD) . The molecular weight range is narrower than prior art 
resins and there is a narrow distribution of types of comonomers 
found as side chains to the main ethylene chain. 

Bynel CXA 3101 - an acid modified r/A copolymer used in 
Example 1. It was found not to give as good results as ethylene- 
n-butyl acrylate (see Example 3). 
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fl^^rrrla 1 (2665) 
Core Layer 



50% LIOPE(OCTENE) /Dowlex 
2045.03 

30% Ethylene-a-Olef in TAFMER 

Copolymer/AlOSS/ (TAFMER PO480) 

20% Acid Modified Eva Polymer/ 
(Bynel CXA 3101) 



Results (as compared to 
Z608) 

- comparable Tensile 
Strength 

- favourable shrin)c, 
elongation & tear 
propagation 

- marginally lower 
puncture resistance 

- adequate Interply 
Adhesion (Substrate- 
Barrier) 



Note: 2665 - TAFMER P-0480 in core layer 

2666 - TAFMER A-1085 in core layer 

Examrle 2 (2667) (Comparative example) 
(2668? 

70% LLOPE (OCTENE) /Dowlex 2045.03 

30% Ethylene-a-olef in TAFMER 

Copolymer/A-lOSS Tafmer R0480- 



l^ote : 2667 • TAFMER P-0480 in core layer 
2668 - TAFMER A-1085 in core layer 



Practically no Interply 
Adhesion 

Tensile, Puncture & 
Other Mechanical 
Properties lower than 
2665/2666 

2663 found impossible 
CO rac)c coupled with a 
few ether process 
problems 





pv«mn!ff 3 (2669) 
(Z670) 



20 



50% LLDPE (OCTENE/C)Owlex 2045.03 
30% Ethyl€ne-a-oleCin TAFMER 

copolymer/A-1085/ TAFMER 

P-0480 

20% £thylene-n-butyl acryi^^^e 
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- Comparable Tensile 
Strength, Puncture 
Resistance, Tear 
Propagation and Shrink 

- Lower Modulus of 
Elasticity resulting 
into superior 
elongation properties 

- Improved Interply 
Adhesion 

- Higher Energy to break 

Note ; The properties 
compared pertain to forn\- 
ulations of TAFMER A-1C85 
grade . 



Note: 2669 - TAFMER P-0480 in 
core layer 

Z670 - TAFMER A-1085 in 
core layer 

Z670 modified with Ethylene-a-cief in copolymer and 
n-Butyl Acrylate Copolymer resins offer te-ter properties related 
to the performance cf the package. 

Mechanical & Adhesion properties are derived from a 
blend of the core layer components whereas improved shrink and 
extension properties can be attributed to linear ethylene-a-olef in 

copolymer Resin. 

The relative thicknesses of the layers are as follows: 





6453 6-789 
Layer 

t^aver pA^ fn/Blend (%) Thickness <%) . 

SEALANT (INNER) 90% «EVA-6%) 11.76 ; 

10% (LLDPE/OCTENE) 

SUBST7ATE (CORE) 50% (LLDPE/OCTENE) 55.56 

30% (LINEAR 

ETHYLENE/ -a. 
OLEFIN- 
COPOLYMER 
20% (ETHYLENE n- 

BUTYL ACRYLATE) 

BARRIER (COATED) 100% PLASTICIZED 8.50 

PVDC 

ABUSE (OUTER) 100% (F7A - 9%) 

The new formulation offers high abuse and high extension 
properties as well as high shrin)c. 

Ethylene/Alpha-Olefin Copolymer when blended with Linear 
Low Density Polyethylene and Ethylene n-Bucyl Acrylate produces a 
synergistic balance of properties, e.g. toughness, high shrinlt and 
extendability. The optimum blend and the correct choice of resins 
have exhibited desired performance of the product acceptable to 
our users. 

The narrow molecular weight linear ethylene-alpha olefin 
copolymer having a density of less than 0.900 g/cc which is 
employed in the core or substrate layer in this invention and 
which gives the previously discussed properties (i.e. those 
copolymers produced by modified Ziegler-Natta catalyst or produced 
by single-site metallocene catalyst or 'CGCT' resins) can also be 
used in other layers (e.g. sealant and/or abuse) if desired. 



1. A multi-layer, oriented, heat sr.rinkable cr.er:noplastic 

film ccciprising: 

(1) a first layer corwrisirKj an ethylcnc-vin^-l iiociotc cwolvmcr 
or a linear echy iene-alpha-olefin copolyner or a blend of an 
ethyler.e-vmyl aceta-.e copolymer and a linear ethy lene-alpha- 
olefin copolymer; and 

(ii> a sccorxl layer corrrlsing a blend of (a) a linear ethylerc- 
alpha olefin copolymer; (b) a macerial selected from the group 
coMiacing of echylene-vinyl acetace copcl>-ers, e-.hylene-butyl 
aery lace copolymers, echylene-methyl acr/lace copolymers, 
echylene-mechyl mechacrylace copolymers, ethylene-acrylic acid 
copolymers, ethylene-methacrylic acid copolymer and echylene- 
carbon monoxide copolymers; and (c) a narro-^ molecular weighc r^nge 
linear ethylene-alpha-olef in copolymer having a de-.sity of less 
Chan 0.900 g/cc. 

2 - A f ilin acoordi«3 to claim 1 therein the first la^^ oarprlses a blend 

of an echylene-vinyl acecate copolymer ani a linear ethylene- 
rlpha -olefin copolymer. 

3. A film according to claim I wherein the linear echylene- 

alpha -olefin copolymer present In the first layer has a density of about 
O.S20 g/cc. 



4. 



A film according to claim 1, wherein t.'io socor td la^.^er has a . 

I ^.r ■ CE 
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ethylene-vip.y L acetate and linear echy i ■;ne-a Ip!- J "0 1 t in 
copo I yroe r . 

12. A film according to claim '5 whoroiii: 

the tirst layer comprises a bienJ of echy icne-vinyl 
acetate copolymer and a linear ethy lenc-a Ipha-o 1 e f if. copolymer; 

the second layer comprises: !a) a linear low density 
polyethylene-alpha-olefin copolymer; (b) a material ^sL•■ected 
from the group consisting of ethylene- vi nyl acetate copolymers 
and ethylene-n-butyl acryiate copolyxors; ar.d ;c> a narrow 
molecular weight range linear ethyier.c-alpha-oiefin copolymer 
having a density of less than 0.900 g/cc;. 

and whereir. the film comprisn«: 

a third layer comprising a vinyl idone chloride 
copolymer or an ethylene-vinyl acetate copol-/mer in which the 
acetate moieties have been partially or completely hydrolyzed; 
and 

a fourth layer comprising a copolymer of ethylene- 
vinyl acetate or a blend of ethylene- vir.yl acetate ccijoiy-er a.-.c 
ethylene-alpha-olef in copolymer. 

13. A film according to claim 12 wherein in first 

layer the ethylene-vinyl acetate copolyr.er has a vinyl acetate 
content of about 6% and the blend comprises about 90* by weight 
of the ethylene-vinyl acetate copolymer and about lOt by weight 
of the linear ethy lene-a Ipha-olef in copolymer. 
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14. A film according to clain 12 wherein the second layer 
comprises a linear ethylene-alpha-c le f in copolymer having a 
density of about 0.885 g/cc. 

15. A film according to claiir. 12 wharein the second layer 
comprises a linear ethylene-alpha-olc f i n copolymer having a 
density of between substantially 0.860 g/cc and less than 0.900 
g/cc. 

16. A film according to claim 12 wherein the second layer 
includes (a) about 50% by weight of the layer of a linear 
ethylene-octene copolymer, (b) about 20* Jjy weight of the layer 
of an ethylene-n-butyl acrylate copolymer and (c) about 30-* by 
weight of the layer of the linear ethy ! cr.c-.i Ipha-olcf in 
copolymer. 

17. A film according to claim 12 wherein the second liyer 
comprises an ethylene-vinyl acetate copolymer that has a vinyl 
acetate content of about 18% by weight. 

18. A film according to clai" It wlicrein r.hu ethylene-n- 
butyi acrylate copolymer has a butyi dcryJate cor.tont of about 

18 . ^% by weight. 

19. A film according to any one of claims 12 to 18 wherein 
the third layer comprises a copolymer of vinylidene chloride and 
methyl acrylate and the fourth layer comprises an ethylene-vinyl 

41 
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acetate copolyne'' 



20. A c i im according to clair.i 1'^ wlio:u':i. ... tmirt 
layer the copol^Tner of vinylidene ch. loride and merhyl acryiu?'.- 
contains about 91. by weight of v ; ny i i de:ie chloride and ribou* 
9.5% by weight of methyl acrylate, and in the fourth layer Cht? 
ethylene- vinyl acetate copolymer has a vinyl acetate content •^i 
about 9% by weight. 

21. A film according to any on*? of claims 1 to 9, 11 to IB 
and 20 wherein the narrow molecular woight range linear 
ethylene-alpha-olef in copolymer is a single s i l e metal locene 
catalyzed resin. 

22. A film according to any one of ciairris I to 9, 1 1 to i8 
and 20 wherein the narrow molecular weight ran.^e linear ethylene 
alpha-olefin copolymer is a '*cons t r ^ : ::ed geometry catalyst 
technology" (CGCT) resin. 

23. A bag produced from a fil::. ^-.-cording to any one of 
claims 1 to 9 and 12 to 18. 

24. A film as claimed in claint i Svibs 1 3r: Ma ] 1 y as heroin 
described with reference to any exar-rio theieot. 
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